1994). Thumb sucking before the age of 6 is typically not considered problematic. After the age of 6, however, chronic thumb sucking may lead to dental problems (e.g., malocclusions) (Peterson et al., 1994) and other difficulties, such as problems with peers or parents (Friman, McPherson, Warzak, & Evans, 1993) . Consequently, thumb sucking is generally not treated unless it is chronic after the age of 6 or associated with more problematic behaviors.
One approach shown to be highly effective for treating habits, including thumb sucking, involves targeting a covarying response. Individuals who exhibit habits may also simultaneously engage in other behaviors. In such cases, the behaviors are said to covary with one another. Covariation refers to changes in one response as a function of changes in another response (Balsam & Bondy, 1985) . If covariation exists between two behaviors, habit or otherwise, it is important in the treatment process because one behavior may be more overt or more easily controlled than another behavior. For instance, Friman and Hove (1987) reduced hair pulling in two children who also sucked their thumbs by successfully treating thumb sucking using an aversive taste treatment procedure. Watson and Allen (1993) also eliminated hair pulling by targeting thumb sucking in a 5-year-old girl by using a thumb-post device (Allen, Flegle, & Watson, 1992 ) that attenuated the stimulation hypothesized to maintain thumb sucking. Finally, Friman (1988) eliminated thumb sucking in a 5-year-old girl by preventing her from holding a transitional object, a crocheted doll.
Modeling is another powerful behavior change technique, derived from social learning theory (Bandura, 1969 (Bandura, , 1977 (Bandura, , 1986 , that has a rather long history of effectiveness for treating a variety of social and behavioral problems. For instance, modeling has been used to increase or improve self-initiated reading (Haskett & Lenfestey, 1974) , parent's time-out skills (Flanagan, Adams, & Forehand, 1979) , athletic skills (Shapiro & Shapiro, 1985) , language skills (Goldstein & Brown, 1989) , spontaneous speech (Kehle, Maddaus, Baratta, & Bray, 1998) , obtaining teacher attention in the classroom (Craft, Alber, & Heward, 1998) , and problem identification and problem analysis skills (Watson & Kramer, 1995) . Modeling has also been used to decrease risk-taking behaviors (Potts & Swisher, 1998) , bath avoidance (Downs, Rosenthal, & Lichstein, 1988) , alcohol consump-tion (Caudill & Lipscomb, 1980) , uncooperative behavior during dental treatment (Stokes & Kennedy, 1980) , tics (Clarke, Bray, Kehle, & Truscott, in press ), stuttering (Bray & Kehle, 1996) , and aggressive behaviors in students with emotional disturbances (Morgan, 1998) .
Modeling may take one of several forms including self-modeling, videotape modeling, symbolic modeling, or in-vivo modeling. In self-modeling, individuals view themselves demonstrating appropriate behaviors on edited videotape. Videotape modeling is similar to self-modeling, except that the model is someone other than the target individual. Symbolic modeling involves the use of stories, reading material, or other media to illustrate the desired behaviors. In-vivo modeling, unlike the other forms of modeling, consists of individuals' imitating a modeled behavior in the environment in which the behavior is exhibited. Modeling is said to be most effective when there is a high degree of similarity between models and observers, when models can competently demonstrate target behaviors, when observers have a history of imitating models and receiving reinforcement for imitative behavior, when models have relatively high status, and when multiple models are used (Bandura, 1977; Miltenberger, 2001) .
It is not surprising that research has demonstrated that older siblings may serve as models for their younger siblings (Abramovitch, Pepler, & Corter, 1982; Baskett, 1984; Hancock & Kaiser, 1996; Wishart, 1986 ). Hancock and Kaiser (1996) , for example, used older siblings to model appropriate language skills for their younger, languagedelayed siblings. Results indicated that the younger siblings'appropriate use of language and verbal initiations increased for all three dyads and generalized to a nontreatment setting for two of the three sibling dyads.
Given that two siblings were referred for treatment of thumb sucking and the mother reported that both engaged in a covarying behavior (holding a transitional object) and that she suspected the older sibling exerted a modeling effect on the younger sibling, we sought to determine if removing the transitional object of the older sibling would result in reductions in both boys' thumb sucking. That is, were changes in one sibling's behavior accompanied by changes in the other sibling's behavior?
METHOD PARTICIPANTS
Jimmy was a 9-year-old, typically developing Caucasian boy who sucked his thumb while holding a transitional object (a pillow). He was reported by his mother to have sucked his thumb since infancy. Jimmy's thumb sucking occurred primarily before going to bed and immediately after awakening. His mother also reported that he was likely to suck his thumb during periods of boredom (e.g., long rides in the car, doing homework) or during stressful situations or events (e.g., waiting to get a shot at the physician's office). Jimmy's dentist told his mother that this thumb sucking was exacerbating an existing malocclusion and that it needed to stop prior to orthodontic treatment.
Bobby Lee was a 5-year-old, typically developing Caucasian male and the younger brother of Jimmy. He, like Jimmy, sucked his thumb in conjunction with a transitional object (a pillow). Each of the children had his own pillow. Bobby Lee's mother also reported that he had sucked his thumb since infancy and was most likely to suck his thumb before going to bed and immediately after awakening. Their mother noted that Bobby Lee admired his older brother and imitated many of his behaviors. Although Bobby Lee was at an age where thumb sucking was not considered harmful, his mother reported that she wanted to eliminate his thumb sucking at the same time as that of Jimmy because she did not expect it to spontaneously remit and because she wanted to "get two kids treated for the price of one."
Their mother reported that a number of interventions had been attempted in the past and had failed. Some of the techniques included placing pepper sauce on the thumb, putting mittens on their hands, reminding them not to suck their thumbs or to remove their thumbs from their mouth, and positive reinforcement for the absence of thumb sucking.
RESPONSE DEFINITION AND DATA COLLECTION
Thumb sucking was defined as placing the thumb or fingers of either hand past the plane of the lips and closing either the lips or the Watson et al. / SIBLING THUMB SUCKING 415 teeth around the thumb or fingers. Data on thumb sucking were collected using frequency recording both because we wanted a simple measure the mother could use at home and because of the particular topography of participants' thumb sucking (i.e., each participant sucked his thumb for a short period of time and periodically removed the thumb from the mouth to wipe on either the pillow, pajamas, or other fabric). Their mother collected data during two 30-minute periods each day, once before going to bed and once immediately after awakening in the morning during all phases of the study. Both siblings were observed during each 30-minute period. Typically, the boys were engaging in their prebedtime routines during the evening data collection period (watching television, listening to a story, talking to mom) and watching television or playing with toys during the morning data collection period.
Because of the times at which data were collected (i.e., late at night and early in the morning), interobserver agreement was assessed during only four (10%) of the observation periods (once during each phase of treatment). Interobserver agreement was collected by an advanced degree student in school psychology and computed by dividing the smaller number of thumb sucks recorded by the larger number recorded, for each participant, and multiplying by 100%. Agreement averaged 93.7% (range 50% to 100%).
EXPERIMENTAL DESIGN
A modified baseline-treatment-baseline-treatment (ABAB) withdrawal design was used to evaluate the effects of the intervention. It was modified in that the treatment (B) was only applied to Jimmy and not Bobby Lee. This design allowed us to evaluate the effect of changes in Jimmy's thumb sucking on Bobby Lee's thumb sucking.
PROCEDURE
Baseline. Data were collected on Jimmy's and Bobby Lee's thumb sucking for 5 consecutive days. Their mother did not respond overtly to either of the participant's thumb sucking.
BEHAVIOR MODIFICATION / July 2002
Treatment. Treatment was implemented only for Jimmy and consisted of removing the transitional object (a pillow). However, Bobby Lee was allowed to retain his pillow. The first phase of treatment lasted 9 days. Their mother was instructed not to respond either positively or negatively to instances of thumb sucking or no thumb sucking.
Reversal. In this phase, Jimmy's pillow was returned to him for a period of 5 days. No intervention or change occurred regarding Bobby Lee's thumb sucking or pillow.
Treatment. Once again, Jimmy's pillow was removed and Bobby Lee was allowed to retain his pillow.
Maintenance. At 2-week intervals following the termination of treatment and lasting 2 months, follow-up assessments were conducted and data were collected in the same manner as described in the previous section on data collection. Figure 1 , baseline data indicated that Jimmy sucked his thumb an average of 11 times per day and Bobby Lee sucked his thumb an average of 10 times per day. The first treatment phase resulted in a marked decrease in thumb sucking for both children as Jimmy's frequency fell to an average of 0.5 per day and Bobby Lee's to an average of 2 per day. Reintroduction of Jimmy's pillow resulted in increases in thumb-sucking frequency for both siblings. However, whereas Jimmy's thumb sucking increased to the frequency as measured in the first baseline phase, Bobby Lee's thumb sucking increased to only about 50% of that in the first baseline phase. Removal of the pillow again resulted in rapid decreases in both siblings' thumb sucking. After 4 days in the second treatment phase, Jimmy's thumb sucking was eliminated. After 14 days in the second treatment phase, Bobby Lee's thumb sucking was also eliminated. Watson et al. / SIBLING THUMB SUCKING 417 Follow-up assessments indicated that Jimmy's and Bobby Lee's thumb sucking were maintained at zero levels 8 weeks posttreatment.
RESULTS

As seen in
DISCUSSION
Using an ABAB withdrawal design, we replicated previous findings that showed that removing a transitional object (i.e., a pillow) resulted in decreases in thumb sucking. In an extension of previous research, our results showed that as Jimmy, the older brother, stopped sucking his thumb, so did the younger sibling, Bobby Lee. Likewise, when Jimmy's thumb sucking increased, Bobby Lee's thumb sucking increased as well. Perhaps one of the most important findings is that decreases in Bobby Lee's thumb sucking were observed, although he still had access to his transitional object. There are a number of possible explanations for the results found in this study. First, it may have been that Jimmy's pillow was the discriminative stimulus for his thumb sucking. When the pillow was taken away, his thumb sucking decreased, and when it was returned, his thumb sucking increased. In a recent article, however, Friman (2000) cogently pointed out that transitional objects might actually function as establishing operations. Like Friman, however, we have no data to demonstrate how holding the pillow increased the reinforcing properties associated with thumb sucking and we did not systematically control other sources of reinforcement that may have contributed to the maintenance of thumb sucking. Thus, it is unclear as to whether the pillow could be regarded as a discriminative stimulus or an establishing operation.
Regarding Bobby Lee's thumb sucking, it may have been that Jimmy and not his transitional object was the discriminative stimulus for his thumb sucking. Because there was no direct manipulation of Bobby Lee's transitional object, it is unclear whether Jimmy or the pillow was the discriminative stimulus for Bobby Lee's thumb sucking.
Despite the very favorable results achieved in this study, there are several limitations that may preclude definitive conclusions about the relationship between reductions in Jimmy's thumb sucking and concurrent reductions in Bobby Lee's thumb sucking. The first and most serious limitation is that there are no treatment integrity data. There is no way of determining that the older sibling did not have access to his pillow, or another pillow, during treatment. However, his mother reportedly took the pillow to work with her, where it remained during both B phases. Likewise, there is no direct evidence that Bobby Lee actually watched Jimmy during any of the phases, which would make the modeling hypothesis a bit more tenuous. It is also possible that their mother was engaging in a different behavior that affected both siblings'thumb sucking. A second limitation is that there are only lim- Watson et al. / SIBLING THUMB SUCKING 419 ited interobserver agreement data. Although the data that are available suggest high agreement between the mother and a second trained observer, only 10% of the observation sessions were coded for interobserver agreement. A third limitation is that the thumb sucking may have spontaneously remitted in both boys, as is likely to happen at their respective ages (Schroeder & Gordon, 1991) . However, the ABAB design helps to control for this limitation and demonstrates a functional relationship between the pillow and thumb sucking for Jimmy and between Jimmy's and Bobby Lee's thumb sucking.
It has been hypothesized that some habit behaviors, particularly thumb or finger sucking, may be maintained by automatic reinforcement (Watson & Allen, 1993) . In other words, the behavior produces some type of physiological stimulation or attenuation that functions to reinforce the behavior. Although that certainly may be true for many habits, the results for the younger sibling may suggest that imitation of the older sibling maintained his thumb sucking. Identifying situations in which one sibling's behavior is a discriminative stimulus for a younger sibling's behavior has a number of potentially important treatment implications. First, targeting the younger sibling without intervening with the older sibling may result in less rapid or incomplete behavior change. Second, treating the older sibling first may obviate the need for direct intervention with the younger sibling. Third, the range of possible intervention techniques is increased because modeling is considered a viable option. And fourth, therapist time may be saved in that intervening with only one sibling alters the behavior of two siblings. These potential advantages could also be extended to other settings such as day care centers, classrooms, and after-school programs where children have many opportunities to observe and imitate the behavior of their peers. From this line of research, one could also establish a methodology for identifying useful models for particular child behaviors. For instance, using functional analysis methodology, one could compute conditional probabilities across different models for different behaviors with the target individual. Those models whose behavior results in a greater proportion of imitations may be the most effective for a given student.
These data also further support the idea that older siblings can act as models as part of a behavioral intervention procedure for younger sib-lings. Unlike other studies that have used older siblings to model behaviors for their younger siblings, this study focused on decreasing habit behaviors. Perhaps other habit behaviors are amenable to an in-vivo modeling intervention, particularly in those situations in which older siblings' behaviors are frequently imitated by younger siblings. Another type of modeling that may be effective as a treatment for habits is self-modeling. Given the effectiveness of self-modeling for stuttering (Bray & Kehle, 1996) , selective mutism (Kehle et al., 1998) , and tics (Clarke et al., in press) , it is possible that the procedure may be effective for other habits as well.
